SUMMARY
Anthracycline-associated cardiotoxicity in adults: systematic review on the cardioprotective role of beta-blockers INTRODUCTION Anthracyclines (doxorubicin, daunorubicin, epirubicin and idarubicin) are chemotherapeutic drugs that act as potent antineoplastic agents. After its introduction into the therapeutic arsenal of oncology, survival rates of cancer patients increased from 30% to 70%
1
. Unfortunately, despite its effectiveness, one of its consequences is cardiac failure
1,2
. As the replacement of anthracyclines by other chemotherapeutic agents are often infeasible from a therapeutic perspective, the deprivation of this drug could negatively influence the prognosis of the tumour and the patient survival.
Among the mechanistic hypotheses of induction of cardiotoxicity by anthracyclines are apoptosis, taissabourguignon@gmail.com luiza_dtorres@gmail.com lorenza.arruda@gmail.com tiagomj@cardiol.br jrserpa@terra.com.br osmarcalil@uol.com.br uip@terra.com.br mitochondrial dysfunction, activation of the metalloproteinases matrix and formation of oxygen free radicals. 2, 3 The main cardiotoxic effects of anthracyclines are related to higher cumulative doses, however, higher doses lows can also be harmful. Left ventricular diastolic dysfunction is usually seen in cumulative doses of 200 mg/m², while systolic dysfunction is seen at cumulative doses above 400mg/ m². 4 The intracellular biochemical mechanisms of anthracycline-induced cardiotoxicity are illustrated in Figure 1 .
The use of potent antiemetic agents and granulocyte colony stimulating factors decreased the occurrence of the most common adverse effects, which resulted in the use of higher doses of anthracyclines in treatments, predisposing to the cardiac damages known today
5
. Both the symptomatic phase and the asymptomatic phase of heart failure induced by chronic cardiotoxicity of doxorubicin are associated with a worse prognosis, with a mortality rate of up to 50% in one year.
6,7
Beta-blockers promote neurohumoral regulation in the presence of cardiac dysfunction, leading to positive remodelling of the left ventricle, which reduces mortality in heart failure. 8 Some have antioxidant and free radical removal function. 7 Their pharmacological mechanism suggests a cardioprotective function, however, there are still no recommendations for their use in prevention of anthracycline-induced cardiotoxicity. The objective of this study was to conduct a systematic review of the cardioprotective role of beta-blockers in preventing anthracycline-induced cardiotoxicity in adults.
METHODS
A descriptive study was carried out, consisting of a systematic review of the literature. The research was carried out in the databases MedLine/PubMed, Embase, ISI Web of Knowledge, Latin American and Caribbean Literature in Health Sciences (Lilacs) and Scientific Electronic Library Online (SciELO), in which several combinations of terms related to the topic were used, including derivations. The filter humans was used to limit the search, excluding experimental animal studies and in vitro tests. Articles listed in the references have also been identified and reviewed. The search strategy used for the MedLine/ PubMed database and replicated to the other databases is in Appendix 1.
FIGURE 1
Studies could include, in addition to adults, paediatric populations. However, studies with only patients younger than 18 years old were excluded. Studies focusing on the diagnosis or treatment of anthracycline-induced cardiotoxicity, rather than on its primary prevention, were also excluded, as well as studies analysing non-beta-blocking drugs as a strategy to prevent anthracycline cardiotoxicity. Studies that included other chemotherapeutics in their analysis could be included in the review, provided that an anthracycline had also been analysed. The included studies could be clinical trials, cohort studies, historical cohorts or case-control studies, originally published in any language, provided they also had a publication in the English or Spanish language. There was no restriction of publication date. Articles published up to April 10, 2017 (date of search) could be included. Articles such as Simple Revision/Narrative, Editorial, Letter to the Editor, Short Communication, Preliminary Communication or Case Report were excluded. Since this was a systematic review, it did not require approval from the institution's Research Ethics Committee.
For the analysis and selection of the articles to be included in the review, the articles titles were initially evaluated based on the search strategy in the electronic databases, with a subsequent evaluation of the studies abstracts that contemplated the subject. The articles considered pertinent to the subject were read in full, to be then excluded the articles considered outside the topic or with a design out of the inclusion criteria. In this process, two reviewers participated independently, reaching a consensus when there was disagreement. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (Prisma) criteria was used in the eligibility of articles found for inclusion in the systematic review.
9 No meta-analysis was performed. The results of the studies were described in a descriptive way by drugs of the beta-blockers. Biases were considered and analysed individually for each study included.
RESULTS
From the keywords used in the search strategy, 790 articles were found. Delimiting the topic from the title, 576 articles were excluded (different population, different chemotherapeutics or different intervention medications), and 214 articles were then screened. Of these, after reviewing the abstract, 78 articles were excluded due to duplication in the electronic databases search, and 101 articles because they did not meet the eligibility criteria (case reports, case series, experimental studies, animal studies, treatment research, chemotherapy not including anthracyclines), leaving 35 articles for full analysis. After reading the complete text, 27 were excluded because they did not fit the inclusion criteria regarding the design, research proposal and quality of evidence, remaining eight articles that met the inclusion criteria and were included in the systematic review.
10-17 Relevant articles were screened and analysed according to the flowchart contained in Figure 2 .
The eight articles selected consist of unicentric randomized clinical trials, four of them being placebo-controlled trials (Kalay et al.
10
, Kaya et al., 12 Tashakori Beheshti et al., 15 Gulati et al.
17
), and four with control group without placebo or any other intervention (Georgakopoulos et al., 11 Bosch et al., 13 Jhorawat et al., 16 and Elitok et al
14
)
. The study by Bosch et al.
13
analyzed the intervention with two combined drugs (carvedilol and enalapril), and Georgakopoulos et al. 11 also evaluated two drugs: metoprolol and enalapril, but in separate groups, compared to the control group. The study by Gulati et al. 17 evaluated the use of metoprolol and candesartan, in combination and separately (associated with placebo), and included a control group that received two placebos. The other five studies compared one group with administration of a beta-blocker to a control group with or without placebo.
A total of 655 research participants were included in the eight studies, of which 281 (42.9%) used a beta-blocker drug, while 115 (17.5%) used placebo and 184 (28.1%) did not receive medication as intervention or placebo (control group without placebo). The remaining 75 patients (11.4%) used another drug to be evaluated as cardioprotective intervention: 43 (6.5%) used enalapril and 32 (4.9%) used candesartan.
Among the patients who received beta-blockers, 27 (4.1%) used nebivolol, 87 (13.3%) used metoprolol, 30 (4.6%) used metoprolol in combination with candesartan, 167 (25.5%) used carvedilol and 45 (6.9%) used carvedilol in combination with enalapril.
In the eight articles included, the primary outcome consisted of changes in echocardiographic parameters, mainly left ventricular ejection fraction (LVEF) and left ventricular systolic and diastolic diameters. Two of the studies performed longitudinal strain and left ventricular myocardial strain rate analysis using tissue Doppler, including those findings at the primary outcome (Tashakori Beheshti et al. 15 and Elitok et al.
14
). Another study (Bosch et al.
13
) evaluated, in addition to the echocardiogram, troponin I and brain natriuretic peptide (BNP) values, and cardiac magnetic resonance imaging.
Two studies also evaluated mortality as a secondary outcome (Jhorawat et al. 16 and Kalay et al.
10
), in which, respectively, 22.2% and 4.0% of carvedilol patients died at follow-up, while mortality in the control group was 18.5% and 16.0%, with no statistically significant difference for this comparison in the two studies. In both, however, there was no differentiation of the cause of the deaths, and it was not possible to distinguish the cardiovascular mortality from that occurred by the neoplasia or its complications. The study by Georgakopoulos et al.
11 did not describe the mortality among the outcomes analysed, but it describes, in the results, that no patient died or stopped chemotherapy due to cardiotoxicity.
The beta-blockers used in the included articles were administered under different therapeutic regimens at different doses, always before the start of chemotherapy. Clinical follow-up was performed for up to 31 months in the study by Georgakopoulos et al., 11 with great heterogeneity regarding the follow-up time in the sample analysed. In the study by Tashakori Beheshti et al., 15 the follow-up time was not explained, despite description of the protocol of four consecutive cycles of chemotherapy, with a duration of 21 days each. In the other studies included, clinical follow-up was done for six months.
Six studies analysing beta-blockers as cardioprotective agents in anthracycline chemotherapy were positive, with superiority of medication use over placebo or no medication. In two of these (Tashakori Beheshti et al. 15 and Elitok et al.
14
, there was no difference in relation to LVEF between the intervention and control groups, but the studies were considered positive by changes in strain parameters in all walls (Tashakori Beheshti et al.
15
) or most of the ventricular walls (Elitok et al.
14
), observed in the control group compared to the intervention group. Thus, in the four studies that showed a difference in the mean final LVEF between the intervention and control groups, the differences were, in percentage points, 17.4 (Kalay et al. ) and 3.1 (Bosch et al.
13
). General information on each study, designs, results and methodological characteristics capable of generating biases are set out in Table 1 . Analysis of each beta-blocker drug and its results in the included studies is set out in Table 2 . 
DISCUSSION
The high incidence of neoplasia is a worldwide trend due to several factors, including increased life expectancy, modern living habits and environmental pollution. Among the therapeutic arsenal of cancer treatment, anthracyclines are chemotherapeutics widely used in several neoplasms, with cardiotoxicity being one of its main adverse effects.
2
In this systematic review, the main international scientific publications on the cardioprotective role of beta-blockers in preventing anthracycline cardiotoxicity were included and evaluated. Data obtained from the included clinical trials point to a potential cardioprotective function, but with limitations to a subclinical spectrum, in which a modest reduction of LVEF can be avoided after the use of chemotherapy. Still, some studies have limited themselves to finding benefits only in an even more restricted and precocious parameter, through the analysis of the strain through the echocardiogram. A reduction in left ventricular function is not always a predictor of heart failure, 18 which raises questions about the outcomes used in clinical trials so far.
Known cardioprotection mechanisms of beta-blockers
For the development of an effective preventive strategy, several studies have attempted to clarify the pathophysiological mechanism of anthracycline cardiotoxicity. Oxidative stress and increased signalling for apoptosis are more frequent hypotheses, followed by thrombosis or vasospasm of coronary artery, as well as platelet aggregation induced by cisplatin
19-21
. In addition to neurohumoral modulation, specific and individual actions of some beta-blocking agents could justify cardioprotection in the use of anthracyclines, but such data is scarce.
Carvedilol is a non-selective beta-blocker that also has action on alpha-1 receptors. 22 It also has antioxidant effects and inhibits NADH-diaphorase (NA-DH-d). 23 It has been shown that carvedilol is able to reduce the release of free radicals and apoptosis in cardiomyocytes after exposure to chemotherapeutic agents, preventing lipid peroxidation and increasing vitamin E concentrations.
7,22,24,25
Nebivolol, a third-generation beta-blocker with high selectivity for beta-1 receptors, has cardioprotective properties via peripheral vasodilation mediated by nitric oxide, 26 as well as antioxidant properties.
27
In experimental studies with rats, antiapoptotic effects on infarction and reduction of anthracycline cardiotoxicity were demonstrated.
28,29
Biases and limitations of studies included in the review Seven of the eight studies included in this review were published less than 10 years ago, which demonstrates relatively recent interest in the subject, even though cardiotoxicity associated with the use of anthracyclines has been known for decades. Historically, after the elucidation of pathophysiological mechanisms and once the relationship between cardiac lesion and chemotherapy with anthracyclines was established, some studies were conducted, but the scientific evidence is still timid, especially when compared to other relevant subjects in cardiology.
Since all the studies included in this analysis were unicentric and with a small sample size, there are limitations in the external validity for all of them, although similar results have been obtained in the majority. The main types of biases identified were those of measurement, as there were no standardized methods for the evaluation of the variables analysed. Selection and confounding biases were minimized by the clinical trial design common to all and by the exclusion criteria of each study. The four open-label, non-placebo-controlled studies (Jhorawat et al.
16
, Elitok et al.,
14
, Georgakopoulos et al., 11 and Bosch et al.
13
) had their internal validity compromised due to potential biases from the lack of blinding (allocation confidentiality), which may compromise the reliability and validity of data. The follow-up time used in the studies makes it impossible to assess the anthracyclines for chronic cardiotoxicity, a common limitation to all studies included.
The study by Bosch et al. 13 used the combination of carvedilol and enalapril as an intervention. Therefore, individual analysis of the beta-blocker in question becomes compromised. However, for the scientific value and methodological robustness, the study was included in the review, since it added value to the analysis of a beta-blocker as a potential cardioprotective agent in the use of anthracyclines. As for the study by Gulati et al.
17
, it was a double blind, placebo-controlled, randomized, 2x2 clinical trial, which analysed the drugs candesartan and metoprolol separately and combined in this setting. Results included individual analyses of the drugs in the allocated groups (candesartan-metoprolol, candesartan-placebo, metoprolol-placebo and placebo-placebo), allow-ing for the specific interpretation for the beta-blocker metoprolol in this systematic review.
The use of different criteria and measurements does not guarantee comparability between studies included. However, individual analyses of the studies can be very useful in view of the scarcity of robust scientific evidence on the subject. Regarding the echocardiographic parameter used, although the general reduction in LVEF was an important criterion for comparison, reductions to values lower than 50%, that is, expressive drops that constitute left ventricular failure, would have greater clinical relevance.
In addition, the persistence of left ventricular dysfunction was not analysed in the vast majority of studies included, which were followed-up for only six months. Long-term results could strengthen the scientific consistency about the use of beta-blockers in this setting, with the potential to demonstrate continued and long-lasting benefits. The studies performed so far have presented an excellent capacity to generate a rational hypothesis with biological plausibility, with preliminary results considered satisfactory. However, there is a lack of normative studies and sufficient robustness to mark the routine use of beta-blockers in protocols to prevent anthracycline-induced cardiotoxicity.
Considerable heterogeneity within the beta-blocker class may be a confounding factor in this analysis, given the different pharmacological actions of the drugs in question. It is postulated that the activity of inhibiting free radicals is important in the prevention of cardiotoxicity by chemotherapy, and that this is offered in a different way among the agents of the class, especially carvedilol. Despite the scientific data more consistent with its use in relation to cardioprotective action, the ideal beta-blocking agent for clinical research and use is still undetermined. Due to the differences in pharmacokinetic properties between the agents studied and the absence of class effect, we considered that the meta-analysis would not be adequate, even though the intention of the analysis was the beta-blockers class in general.
Other cardioprotective possibilities
No study used bisoprolol as an intervention. This beta-blocker, as it has a preference for action on beta-1 receptors and has high cardioselectivity, 30 may be an option for future studies with potential cardioprotective action against myocardial injury caused by chemotherapeutic agents. Nebivolol, which had only one study included, also presents a more modern action, with potential vasculoprotective action, and should be the subject of further investigations.
To date, only the drug dexrazoxane has formal recommendation in some situations for the prevention of cardiotoxicity associated with anthracyclines. This drug, an iron chelator that prevents formation of the iron-doxorubicin complex, has been studied in this context since the 1980s
31-33
. Satisfactory results have been observed in studies using dexrazoxane prior to chemotherapy with anthracyclines in different regimens.
34-37 However, according to the clinical practice guideline of the 2008 American Society of Clinical Oncology, dexrazoxane should not be routinely used in combination with doxorubicin or other anthracyclines. Its use should be recommended only if a cumulative dose of doxorubicin greater than 300mg/m² in adults, if predicted to be of therapeutic benefit with even higher doses of chemotherapy. 38 In Brazil, its use is limited in metastatic breast cancer when it occurs the use of high cumulative doses of anthracyclines.
4
Other pharmacological classes have been studied as possible cardioprotectors against cardiotoxicity associated with anthracyclines. Inhibitors of angiotensin converting enzyme and angiotensin II receptor antagonists are drugs used and recommended in the therapeutic arsenal of heart failure and have, to date, weak scientific evidence of cardioprotection in chemotherapy. Some drugs were also analysed in studies selected for this review. While candesartan showed positive results in cardioprotective efficacy, 17 enalapril demonstrated neutrality when used alone.
11
Limitations of the evidence on these other classes keep beta-blockers one step ahead in relation to the volume of scientific information in this context.
The scientific gap in the topic extends to spironolactone, an aldosterone antagonist, also used in the treatment of heart failure. 39 One study demonstrated the short-term effectiveness of this drug in the prevention of anthracycline-induced cardiotoxicity, 40 however, despite the pharmacological rationale attractive, more studies are needed, especially in the long term. The combination of drugs with potential cardioprotective action, in turn, could offer a synergistic effect in the prevention of cardiotoxicity by chemotherapy, constituting a strategy to be considered in future studies. As with studies included in this review, 13,17 the use of medications commonly used in the treatment of heart failure, administered in combination, represents a target of interest in clinical research, 41 considering their pharmacological properties, the currently accessible cost of most of drugs and the low risk of serious adverse events.
This review brings scientific benefits on a relevant topic, and has the merits of evaluating the quality of evidence with recommended methods, but is also subject to bias. The selective reporting of complete studies in a systematic review may constitute publication bias, which should be reported as a potential limitation of this study. In the context of systematic reviews, outcome selective reporting, or outcome reporting bias, should also be considered, although the implications of the mentioned biases in the conduct and reporting of the reviews are unclear. The meta-analysis, considering only one of the beta-blocking agents, may be beneficial and configures the focus of future research in the search for answers on cardioprotection in chemotherapy treatment.
CONCLUSIONS
Beta-blockers represent a pharmacological class of interest in the prevention of anthracycline-associated cardiotoxicity. Existing scientific evidence, still incipient, exposes the need for a broader and more precise investigation. Analysing in detail the studies included in this review, it is concluded that beta-blockers have a potential cardioprotective action, yet to be definitively proven in larger studies, with long-term follow-up and using relevant clinical outcomes. Based on available scientific data, carvedilol, an agent of the class with the most evidence of benefit and with a greater number of patients evaluated, stands out. The dosage regimen and the optimal time of administration should still be defined, as well as the magnitude of the benefit of its use or of other beta-blockers, to allow the construction of future cardioprotective protocols in susceptible populations that will be submitted to the use of anthracyclines.
Potential conflict of interest
The authors declare that there is no relevant conflict of interest.
Financing source
The present study had no external sources of financing. 
Academic relation

